
Toscana virus (TOSV) is an arthropodborne virus 
transmitted to humans through a bite from an in-

fected sand fl y (1). An RNA virus, it belongs to the 
genus Phlebovirus, species (Sandfl y fever Naples phlebo-
virus family Phenuiviridae, order Bunyavirales) (2). 
TOSV infections are endemic to the Mediterranean 
basin and are considered frequent even though they 
are neglected (3). TOSV can be neuroinvasive and 
is a major cause of meningitis and encephalitis dur-
ing summer months in areas to which it is endemic 
(4). However, most infections are asymptomatic or 
produce mild symptoms (5). Thus, TOSV cases are 
massively underestimated and unreported. Cases 
are mainly diagnosed by reverse transcription PCR 
in cerebrospinal fl uid, blood, and, rarely, urine or by 
detecting virus-specifi c IgM or IgG (6). A total of 3 
different TOSV lineages (A, B, and C) have been iden-
tifi ed, but no clear evidence of a link between clinical 
manifestation and lineages exists (7).

In this study, we considered the incubation pe-
riod (IP) of an infectious disease as the delay between 
infection and symptom onset; this defi nition differs 
from the latent period, which is defi ned as the time 
from infection to infectiousness. For arthropodborne 
viruses, the infectious bite represents the date of in-

fection (8). The potential period of exposure is rep-
resented by the length of stay in the country of infec-
tion before symptom onset. We therefore focused on 
imported cases.

Determining the IP is primordial for disease sur-
veillance, outbreak investigation, public health inter-
ventions, infectious disease control, and modeling (9). 
However, IP estimates are often unsourced, impre-
cise, and based on limited evidence, as illustrated by 
the heterogeneous values proposed (Appendix Table 
1, https://wwwnc.cdc.gov/EID/article/27/12/20-
3172-App1.pdf). In this context, we conducted a sys-
tematic review of symptomatic travel-related neuro-
invasive forms of TOSV to provide an evidence-based 
estimate of the IP.

The Study
We used PubMed and ISI Web of Knowledge search 
engines with no restriction on language and the 
phrase “Toscana AND virus AND (case report OR 
case-report OR travel* OR import*).” We conducted 
a systematic search on ProMed and Google Scholar, 
as well as cross-reference checking. The inclusion cri-
teria were laboratory-documented acute TOSV infec-
tion, indication of a travel-related infection in a TOSV-
endemic area, and number of days between travel 
return and symptom onset. Two reviewers screened 
titles, abstracts, and full-text articles independently.

We extracted clinic and biologic elements from 
neuroinvasive TOSV case reports. For each patient, 
data related to the duration of travel and the time of 
symptom onset, gender, age, country in which case 
was reported, and country of infection were reported.

To estimate the IP, we used censored time-to-
event models (10). Interval-censored observations 
related to travel duration represented the exposure 
time. Absence of a departure date was treated as 
left-censored data, whereas onset of illness during 
the travel period was considered right-censored. We 
performed data analysis by using R with the icenReg 
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Toscana	virus	 (TOSV)	 is	an	emerging	pathogen	 in	 the	
Mediterranean	area	and	is	neuroinvasive	in	its	most	se-
vere	form.	Basic	knowledge	on	TOSV	biology	is	limited.	
We	conducted	a	systematic	review	on	travel-related	in-
fections	to	estimate	the	TOSV	incubation	period.	We	es-
timated	the	incubation	period	at	12.1	days.
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package (R Foundation for Statistical Computing, 
https://www.r-project.org). We defined the data dis-
tribution with 4 parametric models (log-normal, log-
logistic, Gamma, and Weibull). To determine the best 
model for our distribution, we calculated the Akaike 
information criterion. We used the nonparametric 
log-rank test from the interval package to assess the 
effect of age and gender as covariates. To check the 
result stability, we performed an additional Bayesian 
approach, fitting with the Weibull distribution.

Regarding imported case reports, 142 docu-
ments were identified on PubMed and 133 on Web of 
Knowledge. We removed 79 duplicates and excluded 
118 records after screening titles and abstracts. A to-
tal of 42 articles were eligible after full-text reading. 
We then selected 22 documents for data extraction. 
A total of 24 cases were selected (Appendix Table 2, 
Figure). All travel-associated cases fulfilling the inclu-
sion criteria were neuroinvasive; these cases were di-
agnosed in a non–TOSV-endemic area after a stay in 
a proven TOSV-endemic area (Figure 1).

We selected Weibull distribution because it pre-
sented the lower Akaike information criterion (Fig-
ure 2; Appendix Table 3). The median IP for neu-
roinvasive forms is estimated to be 12.1 (95% CI 
10.2–14.4) days. In 5% of neuroinvasive cases, symp-
toms will develop by 6.8 (95% CI 3.8–9.9) days after 

an infectious bite; symptoms will develop in 95% of 
cases by 16.8 (95% CI 13.9–21.7) days after the infec-
tious bite. We found no evidence of age or gender ef-
fect on the length of the IP (p value >0.05 by log-rank 
test). By using Bayesian analysis, we found an IP of 
12.1 (95% CI 9.9–14.4) days (data not shown; results 
same as Figure 2).

Conclusions
In the literature, the IP values of TOSV are often het-
erogeneous, unsourced, or without evidence and 
therefore do not constitute a valid estimate for clini-
cal or infection control decisions. Our literature re-
view identified 24 neurologic cases of TOSV infection. 
Some travel durations were reported approximately 
in case reports and were not included in the analysis. 
All the data used were based on severe neurologic 
forms of the disease, which required hospitalization 
soon after the exposure period.

We estimated the median IP of TOSV at 12 (95% 
CI 10.2–14.4) days. Considering the delay from in-
fection to symptom onset, this value is greater than 
that for most other arboviruses (11). Our estimate 
of the IP is evidence-based and relies on data from 
well-characterized cases. However, cases that cause 
mildersymptoms, as opposed to neuroinvasive forms 
of the disease, might have a shorter IP (similar to  
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Figure 1.	Geographic	distribution	of	imported	neuroinvasive	cases	of	TOSV	(n	=	24)	and	countries	of	origin	of	infection.	TOSV,	Toscana	virus.
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other arboviruses). Other symptoms associated with  
paucisymptomatic forms of TOSV might not have 
been described yet and should be further investigated 
to improve case definition and diagnosis.

We also cannot exclude infections by other sand-
fly fever Naples phleboviruses because of cross-
reaction risk in serologic analyses due to their close 
genetic relationships (12). However, the incidence in 
the population of other genetically similar phlebo-
viruses is lower than TOSV, and TOSV remains the 
most common cause of neuroinvasive symptoms (3). 
Knowledge of TOSV genotypes and their aptitude to 
cause different clinical forms is limited (12). Analyz-
ing this hypothesis was not possible because of the 
limited amount of available data. In addition to the 
genotype, other parameters may influence the IP, 
such as viral strain, patient’s immune status, or vire-
mia (9). The amount of virus transmitted during bites 
(viral load) could also influence the IP and should be 
further investigated.

In addition, all other cases were diagnosed in 
countries or regions to which TOSV is not endemic 
(United States, United Kingdom, Sweden, Germany, 
Switzerland, Australia, and France). These imported 
cases represent a risk for emergence in these areas 
when vectors are established (13), as has been ob-
served for other vectorborne diseases (14). Moreover, 
sand flies are known to spread in countries or regions 
to which TOSV is not endemic (15).

Currently, information on TOSV infections is 
lacking (12). Precise definitions of the IP should  

provide more information on the disease epidemiol-
ogy and on its development in the human host. More-
over, because the IP is a key parameter for disease 
modeling (9), it would improve our understanding of 
the disease transmission dynamics. More reports of 
travel-related cases and standardization of data col-
lection with reliable information (e.g., location and 
duration of the trips and precise dates of symptom 
onset) are clearly needed. The IP estimation will be 
improved with addition of new data.
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Figure 2.	Cumulative	
percentage	of	Toscana	
virus	cases	manifesting	with	
neurologic	symptoms	by	a	
given	day	under	the	estimates	
for	the	Weibull	parametric	
distribution	(n	=	24).	Red	
dashed	line	represents	the	
median	estimation	of	the	
incubation	period.	Solid	red	
horizontal	line	represents	the	
95%	CI	of	the	median.	Gray	
shading	indicates	the	95%	CI	
of	the	values.
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Appendix 

Appendix Table 1. Estimation of Toscana virus incubation period described in the published literature 
Estimation of incubation period Year Reference 
>5 days 1996  (1) 
From a few days to <15 days 1998  (2) 
From a few days to 2 weeks 2005  (3) 
3–7 days 2005  (4) 
3–6 days 2009  (5) 
A short incubation period 2013  (6) 
Ranges from 3–6 days to 2 weeks 2011  (7) 
A short incubation period 2013  (8) 
3–7 days 2013  (9) 
A short incubation period 2014  (10) 
A short incubation period 2014  (11) 
A short incubation period (2–7 days) 2014  (12) 
From a few days to 2 weeks 2014  (13) 
3–7 days 2015  (14) 
3–7 days 2015  (15) 
From a few days to 2 weeks 2016  (16) 
Variable, ranging from a few days to 2–3 weeks 2016  (17) 
3–6 days 2016  (18) 
<2 weeks 2017  (19) 
3–7 days with a maximum of 2 weeks 2017  (20) 
From a few days to approximately 2 weeks 2019  (21) 
Usually 3–7 days 2020  (22) 
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Appendix Table 2. Toscana virus case reports (n = 22) included in the analysis of incubation period estimation* 

Reference Case Sex Age, y Country of infection Reporting country 
Diagnostic methods Length of 

stay, d 
Time between return and 

symptom onset, d Molecular identification IgM IgG 
 (23) 

 
M 51 Italy Australia + None None 17 0 

 (24) 
 

M 66 Italy United States – + + 16 5 
 (25) 

 
M 61 Italy Switzerland + + + 21 5 

 (26)† 
 

F 49 Italy France (Paris)‡ None§ + + 12 5 
 (27) 1 M 19 France Germany None + + 14 12 

2 F 73 Greece Germany None + + 20 12 
 (28) 

 
M 43 Italy Switzerland None + + NA 7 

 (29) 
 

M 40 Portugal Sweden None + + 14 5 
 (30)† 

 
M 68 Italy France (Paris)‡ None + + 11 9 

 (31) 
 

M 17 Italy Switzerland + + + 21 14 
 (32) 

 
M 82 Italy United States None + + 14 2 

 (33) 
 

F 69 Italy Germany None + + 14 −3 
 (34) 

 
M 51 Italy United States – + + NA 10 

 (35) 
 

F 18 Italy United Kingdom + – – NA 7 
 (36) 

 
M 65 Italy United States + None None 21 2 

 (37) 
 

F 80 Spain Germany – + + NA 4 
 (38) 

 
M 21 Italy Germany – + + 14 6 

 (39) 
 

M 65 Italy United Kingdom + None + 4 12 
 (40) 

 
M 34 Turkey Germany None + + NA 5 

 (41) 1 M 40 Malta Switzerland None + + 14 2 
2 F 50 Malta Switzerland None + + 14 2 

 (42)  M 53 Italy Germany None + + 10 −4 
 (43) 

 
M 20 Italy Switzerland – + + 13 1 

 (44)  M 23 Italy Switzerland + + + 4 10 
*NA, no data available; –, negative to Toscana virus; +, positive to Toscana virus. 
†Toscana virus case reports diagnosed in Toscana virus–endemic country but in a non-Toscana virus–endemic region. 
‡Proven Toscana virus–endemic country but the case was diagnosed in a non-Toscana virus–endemic area of the country. 
§Indicates method was not mentioned in the case report. 
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Appendix Table 3. Incubation estimates, in days, for Toscana virus for 4 competing models (Weibull, Gamma, log-logistic and log-
normal) sorted according to the Akaike information criterion* 
Model Median (95% CI) Log-likelihood AIC 
Weibull 12.1 (10.2–14.4) −10.16907 24.33814 
Gamma 11.5 (9.3–13.9) −11.26049 26.52098 
Log-logistic 11.9 (9.8–14.4) −11.50064 27.00128 
Log-normal 11.3 (9.3–13.9) −11.78880 27.57760 
*AIC, Akaike information criterion. 

 

 

 

Appendix Figure. PRISMA flow diagram adapted from Moher et al. (45) in study of incubation period of 

Toscana virus 

References 

1. Nicoletti L, Ciufolini MG, Verani P. Sandfly fever viruses in Italy. In: Schwarz TF, Siegl G, editors. 

Imported virus infections. Vienna (Austria): Springer; 1996. p. 41–47. 



 

Page 4 of 8 

2. Braito A, Corbisiero R, Corradini S, Fiorentini C, Ciufolini MG. Toscana virus infections of the central 

nervous system in children: a report of 14 cases. J Pediatr. 1998;132:144–8. PubMed 

https://doi.org/10.1016/S0022-3476(98)70500-1 

3. Charrel RN, Gallian P, Navarro-Marí JM, Nicoletti L, Papa A, Sánchez-Seco MP, et al. Emergence of 

Toscana virus in Europe. Emerg Infect Dis. 2005;11:1657–63. PubMed 

https://doi.org/10.3201/eid1111.050869 

4. Defuentes G, Rapp C, Imbert P, Durand J-P, Debord T. Acute meningitis owing to phlebotomus fever 

Toscana virus imported to France. J Travel Med. 2005;12:295–6. PubMed 

https://doi.org/10.2310/7060.2005.12512 

5. Sonderegger B, Hächler H, Dobler G, Frei M. Imported aseptic meningitis due to Toscana virus 

acquired on the island of Elba, Italy, August 2008. Euro Surveill. 2009;14:19079. PubMed 

https://doi.org/10.2807/ese.14.01.19079-en 

6. Nougairede A, Bichaud L, Thiberville SD, Ninove L, Zandotti C, de Lamballerie X, et al. Isolation of 

Toscana virus from the cerebrospinal fluid of a man with meningitis in Marseille, France, 2010. 

Vector Borne Zoonotic Dis. 2013;13:685–8. PubMed https://doi.org/10.1089/vbz.2013.1316 

7. Serata D, Rapinesi C, Del Casale A, Simonetti A, Mazzarini L, Ambrosi E, et al. Personality changes 

after Toscana virus (TOSV) encephalitis in a 49-year-old man: A case report. Int J Neurosci. 

2011;121:165–9. PubMed https://doi.org/10.3109/00207454.2010.537412 

8. Gonen OM, Sacagiu T. Sensory polymyeloradiculopathy associated with Toscana virus infection. J 

Neurovirol. 2013;19:508–10. PubMed https://doi.org/10.1007/s13365-013-0201-y 

9. Anagnostou V, Papa A. Seroprevalence of Toscana virus among residents of Aegean Sea islands, 

Greece. Travel Med Infect Dis. 2013;11:98–102. PubMed 

https://doi.org/10.1016/j.tmaid.2012.11.006 

10. Dupouey J, Bichaud L, Ninove L, Zandotti C, Thirion-Perrier L, de Lamballerie X, et al. Toscana 

virus infections: a case series from France. J Infect. 2014;68:290–5. PubMed 

https://doi.org/10.1016/j.jinf.2013.11.006 

11. Magurano F, Baggieri M, Gattuso G, Fortuna C, Remoli ME, Vaccari G, et al. Toscana virus genome 

stability: data from a meningoencephalitis case in Mantua, Italy. Vector Borne Zoonotic Dis. 

2014;14:866–9. PubMed https://doi.org/10.1089/vbz.2014.1668 

12. Charrel RN. Toscana virus infection. In: Ergonul O, Can F, Akova F, Madoff L, editors. Emerging 

infectious diseases. New York: Academic Press; 2014. p. 111–119. 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9470016&dopt=Abstract
https://doi.org/10.1016/S0022-3476(98)70500-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16318715&dopt=Abstract
https://doi.org/10.3201/eid1111.050869
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16256057&dopt=Abstract
https://doi.org/10.2310/7060.2005.12512
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19161712&dopt=Abstract
https://doi.org/10.2807/ese.14.01.19079-en
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23808972&dopt=Abstract
https://doi.org/10.1089/vbz.2013.1316
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21126108&dopt=Abstract
https://doi.org/10.3109/00207454.2010.537412
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24081884&dopt=Abstract
https://doi.org/10.1007/s13365-013-0201-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23312503&dopt=Abstract
https://doi.org/10.1016/j.tmaid.2012.11.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24247068&dopt=Abstract
https://doi.org/10.1016/j.jinf.2013.11.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25514123&dopt=Abstract
https://doi.org/10.1089/vbz.2014.1668


 

Page 5 of 8 

13. Sanchez P, Vázquez González A. Emergence of novel viruses (Toscana, Usutu) in population and 

climate change. In: Singh SK, editor. Viral infections and global change. New York: John Wiley 

& Sons; 2014. p. 535–5. 

14. Pietrantoni A, Fortuna C, Remoli ME, Ciufolini MG, Superti F. Bovine lactoferrin inhibits Toscana 

virus infection by binding to heparan sulphate. Viruses. 2015;7:480–95. PubMed 

https://doi.org/10.3390/v7020480 

15. Howell BA, Azar MM, Landry ML, Shaw AC. Toscana virus encephalitis in a traveler returning to 

the United States. J Clin Microbiol. 2015;53:1445–7. PubMed 

https://doi.org/10.1128/JCM.03498-14 

16. Osborne JC, Khatamzas E, Misbahuddin A, Hart R, Sivaramakrishnan A, Breen DP. Toscana virus 

encephalitis following a holiday in Sicily. Pract Neurol. 2016;16:139–41. PubMed 

https://doi.org/10.1136/practneurol-2015-001265 

17. Piacenti S, La Ferla L, Capocardo B, Tosto S, Grasso RS, D’Agata V, et al. A case of meningitis 

caused by Toscana virus. Infect Dis Trop Med. 2016;2:e314. 

18. Temocin F, Sari T, Tulek N. Sandfly fever with skin lesions: a case series from Turkey. J Arthropod 

Borne Dis. 2016;10:608–12. PubMed 

19. Veater J, Mehedi F, Cheung CK, Nabarro L, Osborne J, Wong N, et al. Toscana virus meningo-

encephalitis: an important differential diagnosis for elderly travellers returning from 

Mediterranean countries. BMC Geriatr. 2017;17:193. PubMed https://doi.org/10.1186/s12877-

017-0593-2 

20. Pierro A, Ficarelli S, Ayhan N, Morini S, Raumer L, Bartoletti M, et al. Characterization of antibody 

response in neuroinvasive infection caused by Toscana virus. Clin Microbiol Infect. 

2017;23:868–73. PubMed https://doi.org/10.1016/j.cmi.2017.03.017 

21. Tschumi F, Schmutz S, Kufner V, Heider M, Pigny F, Schreiner B, et al. Meningitis and epididymitis 

caused by Toscana virus infection imported to Switzerland diagnosed by metagenomic 

sequencing: a case report. BMC Infect Dis. 2019;19:591. PubMed 

https://doi.org/10.1186/s12879-019-4231-9 

22. Ayhan N, Charrel RN. An update on Toscana virus distribution, genetics, medical and diagnostic 

aspects. Clin Microbiol Infect. 2020;26:1017–23. PubMed 

https://doi.org/10.1016/j.cmi.2019.12.015 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25643293&dopt=Abstract
https://doi.org/10.3390/v7020480
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25673791&dopt=Abstract
https://doi.org/10.1128/JCM.03498-14
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26647398&dopt=Abstract
https://doi.org/10.1136/practneurol-2015-001265
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28032114&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28851278&dopt=Abstract
https://doi.org/10.1186/s12877-017-0593-2
https://doi.org/10.1186/s12877-017-0593-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28344163&dopt=Abstract
https://doi.org/10.1016/j.cmi.2017.03.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31286879&dopt=Abstract
https://doi.org/10.1186/s12879-019-4231-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31904562&dopt=Abstract
https://doi.org/10.1016/j.cmi.2019.12.015


 

Page 6 of 8 

23. Arden KE, Heney C, Shaban B, Nimmo GR, Nissen MD, Sloots TP, et al. Detection of Toscana virus 

from an adult traveler returning to Australia with encephalitis. J Med Virol. 2017;89:1861–4. 

PubMed https://doi.org/10.1002/jmv.24839 

24. Calisher CH, Weinberg AN, Muth DJ, Lazuick JS. Toscana virus infection in United States citizen 

returning from Italy. Lancet. 1987;1:165–6. PubMed https://doi.org/10.1016/S0140-

6736(87)92005-8 

25. Cordey S, Bel M, Petty TJ, Docquier M, Sacco L, Turin L, et al. Toscana virus meningitis case in 

Switzerland: an example of the ezVIR bioinformatics pipeline utility for the identification of 

emerging viruses. Clin Microbiol Infect. 2015;21:387.e1–4. PubMed 

https://doi.org/10.1016/j.cmi.2014.11.010 

26. Defuentes G, Rapp C, Imbert P, Durand J-P, Debord T. Acute meningitis owing to phlebotomus fever 

Toscana virus imported to France. J Travel Med. 2005;12:295–6. PubMed 

https://doi.org/10.2310/7060.2005.12512 

27. Dobler G, Treib J, Haass A, Frösner G, Woesner R, Schimrigk K. Toscana virus infection in German 

travellers returning from the Mediterranean. Infection. 1997;25:325. PubMed 

https://doi.org/10.1007/BF01720413 

28. Dominati A, Sap L, Vora S. [Fever in a returning traveler from Tuscany]. Rev Med Suisse. 

2018;14:294–6. PubMed 

29. Ehrnst A, Peters CJ, Niklasson B, Svedmyr A, Holmgren B. Neurovirulent Toscana virus (a sandfly 

fever virus) in Swedish man after visit to Portugal. Lancet. 1985;1:1212–3. PubMed 

https://doi.org/10.1016/S0140-6736(85)92886-7 

30. Epelboin L, Hausfater P, Schuffenecker I, Riou B, Zeller H, Bricaire F, et al. Meningoencephalitis due 

to Toscana virus in a French traveler returning from central Italy. J Travel Med. 2008;15:361–3. 

PubMed https://doi.org/10.1111/j.1708-8305.2008.00221.x 

31. Gabriel M, Resch C, Günther S, Schmidt-Chanasit J. Toscana virus infection imported from Elba into 

Switzerland. Emerg Infect Dis. 2010;16:1034–6. PubMed 

https://doi.org/10.3201/eid1606.091763 

32. Howell BA, Azar MM, Landry ML, Shaw AC. Toscana virus encephalitis in a traveler returning to 

the United States. J Clin Microbiol. 2015;53:1445–7. PubMed 

https://doi.org/10.1128/JCM.03498-14 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28464308&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28464308&dopt=Abstract
https://doi.org/10.1002/jmv.24839
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2880004&dopt=Abstract
https://doi.org/10.1016/S0140-6736(87)92005-8
https://doi.org/10.1016/S0140-6736(87)92005-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25658528&dopt=Abstract
https://doi.org/10.1016/j.cmi.2014.11.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16256057&dopt=Abstract
https://doi.org/10.2310/7060.2005.12512
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9334873&dopt=Abstract
https://doi.org/10.1007/BF01720413
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29384278&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2860406&dopt=Abstract
https://doi.org/10.1016/S0140-6736(85)92886-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19006512&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19006512&dopt=Abstract
https://doi.org/10.1111/j.1708-8305.2008.00221.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20507770&dopt=Abstract
https://doi.org/10.3201/eid1606.091763
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25673791&dopt=Abstract
https://doi.org/10.1128/JCM.03498-14


 

Page 7 of 8 

33. Imirzalioglu C, Schaller M, Bretzel RG. [Sandfly fever Naples virus (serotype Toscana) infection with 

meningeal involvement after a vacation in Italy]. Dtsch Med Wochenschr. 2006;131:2838–40. 

PubMed https://doi.org/10.1055/s-2006-957210 

34. Jaijakul S, Arias CA, Hossain M, Arduino RC, Wootton SH, Hasbun R. Toscana 

meningoencephalitis: a comparison to other viral central nervous system infections. J Clin Virol. 

2012;55:204–8. PubMed https://doi.org/10.1016/j.jcv.2012.07.007 

35. Karunaratne K, Davies N. Toscana virus meningitis following a holiday in Elba, Italy. Br J Hosp Med 

(Lond). 2018;79:292. PubMed https://doi.org/10.12968/hmed.2018.79.5.292 

36. Kay MK, Gibney KB, Riedo FX, Kosoy OL, Lanciotti RS, Lambert AJ. Toscana virus infection in 

American traveler returning from Sicily, 2009. Emerg Infect Dis. 2010;16:1498–500. PubMed 

https://doi.org/10.3201/eid1609.100505 

37. Kuhn J, Bewermeyer H, Hartmann-Klosterkoetter U, Emmerich P, Schilling S, Valassina M. Toscana 

virus causing severe meningoencephalitis in an elderly traveller. J Neurol Neurosurg Psychiatry. 

2005;76:1605–6. PubMed https://doi.org/10.1136/jnnp.2004.060863 

38. Oechtering J, Petzold GC. Acute hydrocephalus due to impaired CSF resorption in Toscana virus 

meningoencephalitis. Neurology. 2012;79:829–31. PubMed 

https://doi.org/10.1212/WNL.0b013e3182661f1a 

39. Osborne JC, Khatamzas E, Misbahuddin A, Hart R, Sivaramakrishnan A, Breen DP. Toscana virus 

encephalitis following a holiday in Sicily. Pract Neurol. 2016;16:139–41. PubMed 

https://doi.org/10.1136/practneurol-2015-001265 

40. Pauli C, Schwarz TF, Meyer CG, Jäger G. [Neurological symptoms after an infection by the sandfly 

fever virus]. Dtsch Med Wochenschr. 1995;120:1468–72. PubMed https://doi.org/10.1055/s-

2008-1055501 

41. Schultze D, Korte W, Rafeiner P, Niedrig M. First report of sandfly fever virus infection imported 

from Malta into Switzerland, October 2011. Euro Surveill. 2012;17:4–6. PubMed 

https://doi.org/10.2807/ese.17.27.20209-en 

42. Schwarz TF, Gilch S, Jäger G. Travel-related Toscana virus infection. Lancet. 1993;342:803–4. 

PubMed https://doi.org/10.1016/0140-6736(93)91568-7 

43. Sonderegger B, Hächler H, Dobler G, Frei M. Imported aseptic meningitis due to Toscana virus 

acquired on the island of Elba, Italy, August 2008. Euro Surveill. 2009;14:19079. PubMed 

https://doi.org/10.2807/ese.14.01.19079-en 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17160766&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17160766&dopt=Abstract
https://doi.org/10.1055/s-2006-957210
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22867730&dopt=Abstract
https://doi.org/10.1016/j.jcv.2012.07.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29727236&dopt=Abstract
https://doi.org/10.12968/hmed.2018.79.5.292
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20735948&dopt=Abstract
https://doi.org/10.3201/eid1609.100505
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16227565&dopt=Abstract
https://doi.org/10.1136/jnnp.2004.060863
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22875097&dopt=Abstract
https://doi.org/10.1212/WNL.0b013e3182661f1a
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26647398&dopt=Abstract
https://doi.org/10.1136/practneurol-2015-001265
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7588007&dopt=Abstract
https://doi.org/10.1055/s-2008-1055501
https://doi.org/10.1055/s-2008-1055501
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22790604&dopt=Abstract
https://doi.org/10.2807/ese.17.27.20209-en
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8103888&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8103888&dopt=Abstract
https://doi.org/10.1016/0140-6736(93)91568-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19161712&dopt=Abstract
https://doi.org/10.2807/ese.14.01.19079-en


 

Page 8 of 8 

44. Tschumi F, Schmutz S, Kufner V, Heider M, Pigny F, Schreiner B, et al. Meningitis and epididymitis 

caused by Toscana virus infection imported to Switzerland diagnosed by metagenomic 

sequencing: a case report. BMC Infect Dis. 2019;19:591. PubMed 

https://doi.org/10.1186/s12879-019-4231-9 

45. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for 

systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6:e1000097. 

PubMed https://doi.org/10.1371/journal.pmed.1000097 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31286879&dopt=Abstract
https://doi.org/10.1186/s12879-019-4231-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1000097

